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The use of chemiicials to control injurious
insects has been accorded miiore publicity
during the past five y-ears than in all the
previous years during whichl research on

insectici(les has been carried out. This at-
tention hals been due in a large measure to
the discovery of the outstanding insectici-
dal properties of several synthetic organic

coml)ounds, especially chlorinateJl hydro-
carbons, such as DI)T, benzene hexachlor-
ide, chliordane, and toxaphene ( chlorinated
camphene). More recently several organic
phoplphorus comipounds have been found to
be higlhly toxic to a wide range of insects.
Several of the discoveries were made at a

time wlhen the need for better insecticides
to control insect pests on food and fiber
crops, stored products, livestock, and forest
pro(lucts was greater than ever before and
when the available supply of the standard

agricultural and houisehold insecticides-

pyrethrumii, nicotine, rotenone, and the ar-

senicals-was unusually low. Although tile
findings may appear to some to be due to
hastily initiated wartimne research and

largely fortuitous, this is not the case.

Rtather, the discoveries are the culmination
of extensive explorations over a period of
about 80 years. Chemicals have been used

for a longer time to combat injurious in-
sects but it is only since about 1867 that
a systematic study to find new insectici(;es
has been under way.

'rlTe early studies were concerned largely
with inorganic compounds such as paris
green and lead arsenate. By 1910 agricul-
tural practices had become more intensified
and insect populations increased, as did the
losses which they caused to many important
crops. About the same time investigators
became interested in finding out how in-
secticides kill, and emphasized the import-
ance of their physical characteristics, such

as wetting and spreading of sprays, on
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foliage and insects. A few years later stud-

ies were initiated to determine the chcmical
structures of the highly effective, naturally
occurring plant insecticides, the pyrethlrins
and rotenone. These studies proved fruit-

ful, and the structural formiulas that were

developed served as patterns for the prep-

aration of organic comiipoun(ds thouglht to

be toxic to injurious insects. 'The studies

were supplemented by the testing of a large
numibher of synthetic organic compounds
which became available soon after the first
World W"ar anti for which a use was being
sought. T'he two approaches have been
profitable and have led to the discovery
of a numiiber of compounds highly toxic to
insect pests.
The knowledlge that an organic comipoind

is highly toxic to several species of insects
is not the only requirement for its immedi-
ate widescale use. Before its utility in con-

trolling injurious insects can be deter-
mined, information must be obtained as to
the safety of the chemical to public healtlh,
to farIm animals, to soils, to vegetation, to
beneficial insects including bees, and to
wil(dlife wherever these interests are in-
volve(d. It is necessary to know the range

of effectiveness (that is, to wlhat kinds of
insects the produict is toxic) ; the stage of
the insect that is diestroyed (egg, larva, or

adult). Such stu(dies are the joint affair
of biologists and clcnmists.
Few, if any, of the newer insecticidal

chemnicals are suitable for uise as insecti-
cides in the undiluited form. Aside from the

fact that it would be uneconomical for

most purposes to use potent agents without
diluiting them greatly, the physical prop-

erties of the substances usiually are suich

that thev are uinsuiited for (lirect applica-
tion. To determine wlhetlher the comiipoiunl
can best be applied as a dust, spray, or as

an aerosol a knowledge of the physical and

chemical characteristics of the product is

needed. Physical and chemical studies

should include determination of the com-

position of the product, its solubility in

various solvents, and its compatibility witlh
other insecticides, fungicides, and cduist (lilu-
ents. Methods for the analysis of the prod-

uct itself, as well as in d(usts, in sprays, and

in combination with other insecticides, must

be dleveloped. Procedures for (leterinining
the product as a spray residule are also
nee(ded.

As the tiime allotte(d to me will not per-

mit the discussion of all of the newer in-

secticides I shall confine my talk to the
chemistry of somie of the niore imnportant
chlorinated hydrocarbons and the organic
phosphorus compounds.

'I'he chlorinated lhvdr ocarbons that have

attracted most attention are DDT, TDE
(also known as DDD), niethoxychlor
(imethoxy analog of DDT), benzene hexa-

chlloride, toxap)hene (chlorinatedl camplhene),
and chlordane. Although methoxychlor con-

tains oxygen it is inclu(de(d because of its
close relationship to DDT. The technical
grades of all six of these pro(lucts are

mixtures of two or more isomleric com-

pounds, the relative insecticidal value of
whiclh varies with the prodluct and the test
insect. 'lThe empirical formula an(i the total
clhlorine content of each is given in Table I.

h'l'ese products possess one common

chemiiical characteristic to whiclh their out-
stancling insecticidcal property has been at-
tributed. In the presence of alcoholic al-
kali and in some cases with traces of cer-

tain metals, such as iron, aluminum and
others thev lose one or mlore moles of
hydrogen chloride. If this reaction is a

factor in making them toxic to insects it is
only a minor one as niany related com-

pouinds are known whichi likewise Xvield

TABLE I.
FORMULA AND CHLORINE CONTENT OF SOME

CIILORINATED) HYDROCARBON INSECTICIi)ES

Product Formula % Chlorine

DDT .......... ..... C14HqC15 50.01
TDE ................ C4H10Ci444.33
Methoxychlor ............... C,6H1502C13 30.77
Benzene
hexachloride ............... C,H6C6 73.15

Chlordane ............... C1OH6C18 69.22
Toxaphene (chlor-

inated camphene) C.10H1oC1, 68.54
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hy(drogen chloride btut are relativ ely non-
toxic to insects. T'lhe speed at wlichl the
hydrogen chloride is relealsed fromii the
comlpoun(d is not a vital factor eitlher be-
cautse DD)'T yields it quite rapidly whereas
the methoxy analog of DDT does not.' Our
knowledge of tlhe relationsliip between in-
sectici(lal action and(l chemiiical constitutiion
is too liiited to state that any one reac-
tion will determiiine wlietier a coimplound
possesses insectici(lal properties.

I)l)T

'rlue stll(lies lea(ling to the discovery of
DDT --is an insecticide a,ire presentecl in
detatil by LIcuger, Martin aind _Mfuller.2 'lTie
synmbol D)l)T is a contraction for D)ichloro-
Diphenyl - 'rrichloroethane. Howev,er, the
term J)D)T lias been confined to the
rod(l(t obtained on condlensation of clhloral

with chlorobenzene in tlhe presence of snil-
fuiric acid. Time clhemistrv of DI)T has
been investigated mlore extensiv ely thani
tilat of tile otlher clhlorinmted hN(drocarbons., _-.1. -,

Formuila I illustrates tle
1)DT.

CCI CHO +
3

CCI
3

CH

00
Cl Cl

P,P - DDT

ac14
coti

CI

Formula

'lien pure chloral an(l

zene are uise(I tile reaction
essentially of two isomiieric
DDT an(l thie o,p'-DDT.
conftains approximately 3 tc
forller isomner to one part (

'T'he toxicity of these two
eral insects is slhown in Tal

TABLE II.
COMPARATIVE TOXICITY OF P,P'-O,P'>-DDT TO

VAlIlOUS I1NLSI-CTS*

p,p-DI) T)I o,p'-DDT
(Coitcen- Concent-
trationi JIll troitiont Kill

linsect % % % %

Houseflies 1.0 70 5.( 1
Body lice 0.05 1(( 1.( 0
Mosquiitoest
Adults 0.5 4) 5.0) 23
Larvae .0.0015 50 0.011 50

(pp.111.) (P.p.iui.)
* These results were obfttained at the Or-

lando, Fla., laltoratory of tile Bureau of
Entomlology and Plant Quiarantine.

t Anopheles quadrimaculatus Say.

formation of It will be noted that altlhouglh the o,p'-
DDT is practically non-toxic to tile adlult
form of these insects it is a very effective

/ coIiipolind against illosqimito larvae. 1'hiis
2< >ci specificity miianifests itself witlh miany of the
'\~/ syntietic organic compounds.

d It is natural to inqutire as to tlhe effect
alyst of replacing one or miiore chlorine atonis in

cc[ L)D'DT in both tile benzene rings an(d the
3 ethane part of tile nidolecule witlh other

CH atomlls or ra(licals. Such compollnds Ilatve
/ \ )been syntlhetize(d but imiore work hias been

OA ldone with analogs in whiicil tile clllorine
atoms of the benzene rings have been re-
placed tilan witil comapounds in whichi tile
clilorine atoms in the etiane molecule have

\/ Ibeen substitutedl.
*,P' CD The toxicity of some analogs of DIY1Y to

0P - DDT mosquito larvae is given in Table III.
r It is of interest to note thalt tile replace-

ment of chlorine atomiis in the benzene
pure clhloroben- ring by the hydroxyl radical gives a product
product consists that is relatively non-toxic. Metliylation of
onipounds, p.p'- the free hydroxyl group produices ,a potent
Technical DDT insecticide. The product obtained with the
D 4 parts of the methyl radical in place of chlorine is ef-
of the latter. fective but that with the tertiary butyl
isomiiers to sev- group is of little value as an insecticide.

J)le II. Similar results were obta-ined when tliese
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TA13LE III.
TOXICITY TO F'OURTIH-INSTAR LARVAE OF
ANOPHIELES QUAD)RIMACUL,ATUS OF l)l)T ANALOGS
IN WlhICIH CHLORINE ATOMS IN BENZENE
RINGS HAVE B1EEN REPLACEI) WITi OTHtER

ATOM)S OR RAI)ICAILS*

Substituetits on i'Woa ye, % Mortalitg
Dipheotyl.ri(chloroethcanlPePP.]!..L. after 48 Hr.

p,p'-(di-Cl (1)1) 0.005

p,p'-(ii-Br 0.005
p,p'-(li-F 0................ 0.01
p,p'-(Ii-CH3() )0.01
p,p'-di-OH ................ 10

p,p'-(li-H 0.1
p,p'-di-CH3. .01

p,p'-(Ii-tert-Bltit0l ............ 1

p,p'-C:l,H ().(I1

1(00
1((
85

100
20
25
100
20
85

* Deonier, C. C., Jones, H. A., Hailler,
H L., Hinchey, E., and Incho, lI. II.,
Soap an(l Saniitary Chemicals, 1946, 1,22:118.

coin)polIlnds were tested against a nulmier

of agricultural insect I)ests.4,5
Although p,l)'-DDT is effective against aI

wider range of injurious insects than 11(ost
of the otlier synthetic organic insecticidles so

far tested, it is not a panacea for all ills
due to insects. DL)T has little or no effect
on the boll weevil, tile cotton leafwormi, tile
cotton aphil, tile Mexican bean bleetle, red
spi(ders, cattle grubs, adults of the Flori(la
andi California red scales, the sugar-canle

borer, orcliard mites, the parlatoria (lilte
scale, and the plum curculio. It is effective
against some aphiids but as a rule is less
effectiv-e than nicotine. It has also regis-
tere(l failures for one reason or another
against the tobacco hornworm, the cabbage
seedpo(d weevil, the tomato russet Imiite, etc.

METHOXYCHLOR

Methoxyclilor is the coined name adopted
for tile mnethoxy analog of DDT, 1,1,1-
trichloro - 2,2 - bis (p - metiloxyphenyl) ethane.
The technical product is obtained on con-

diensation of cihlorall and anisole.6 Methoxy-
chilor is effective against nutnerous agriciil-

tutral inisect l)ests, incltuding the Mexican
h)ean beetle, and has been reportedl to give
a uiiore ra})id "knockdown" of flies than
D)1)'.

TIlE (DDD)
TD)E also calle( D)DD is the synlilbol for

d(ichloro (diplienyl dIichloroethane, a tetra

clhloro diplienyl ethane. p,p'-TDE is 1,1-

dlichiloro - 2,2 - bis(p - chlorophenvl)ethane.
TD)f is obftained on condensation of di-
chloroacetailileldehde anid c(1lorob)enzene.' The

p,p)'-TDE is equal in toxicity to p,p'-DDT
against imios(quiito lrvae1 an(li closely plarill-
lels 1)1)1' in effectiveness against both

hiouiselhold and aigricuiltural insect pests.'

BIENZENE IIEXAC11LORI)DE

'T'lie insecticidal; properties of benzene

hexacllioride or 1,2,3,4,5,6-hexachlorocy-
cloliex.ane were discovered independently
ab)ouit tile saiile time in France10 andl Eng-
land(1 duIring W'orl(l War II while there was

n1o coiniiniuiication between the two coun-

tries.
It is of interest that benzene hexachlor-

i(le C,;H,Cl,; is insecticidal whereas hexa-

chlorobenzene, C,C1, has no insectici(lalI prop-

erties.
Benzene hexachloride is p)rel)are(l by the

ad(lition of chlorine to benzene in the pres-

ence of actinic light.12 The reactants are

requirecl in the ratio of 3 moles of chlorine
to one mole of benzene. It h1as not yet been
possible to adld chlorine to the three double
bonds stepwise, that is, with the formation
of dichloro or tetracliloro derivatives. Wlhen
the ratio is other than three to one, the final
pro(illct under all conditions so far tried,
is a mixtuire of unclhanged benzene and

benzene hexaclhloride. Tile reaction product
consists of a mixture from whichl five iso-
meric benzene liexachlorides have been iso-
late(l. These Nlave been designated as alpila,
beta, gamma, delta, and epsilon isomers.
Their alphabetical designations indicate the
or(ler in whiichi they have been discovered
and described in the literature and bear no

relation to their relative structures. Of these
isomers only one, the gamma isomer, which
occurs to the extent of 10-12 per cent in
technical benzene hexachloride, has outstand-
ing insecticidlal properties.
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The formation of the isomers may be ex-
plained in the following manner. If it is as-
sumed that all of the carbon atoms of the
cyclohexane ring lie in one plane eight ster-
eoisomers of hexachlorocyclohexane, one of
which exists in mirror-image form, are theo-
retically possible. The configuration shown
in Formula IIa was originally assigned to
the gamma isomer. This configuration has
recently been shown to be incorrect and the
isomer may be more nearly correctly repre-
sented by Formula IIb.1s

Cl HC/A- CO
H Y H

H CA
A

Formula It

H
GI

k H
V H HN
I\C Cl/l
C l4f Cl
H H

B

Benzene hexachloride is toxic to a wide
range of agricultural insect pests, especially
the cotton boll weevil against which DDT is
ineffective. The technical product has a
musty persistent odor which may limit its
usefulness for certain purposes.
Table IV shows the toxicity of each of

four isomers to mosquito larvae. Like p,p'-
DDT, the gamma isomer is slow in its kill-
ing action and does not cause "knockdown."
At the time that these tests were made the
epsilon isomer was not available.

CHLORDIANE

Chlordane is the common name assigned
to the compound designated as 1,2,4,5,6,7,8,
8-octachloro-4,7 -methano - 3a,4,7,7a-tetra-hy-
hydroindan and having the structure shown
in Formula III.

It is prepared by allowing hexachlorocyclo
pentadiene and cyclopentadiene to react as
shown in Formula IV.

cl. Kt
o~~~I -I-- ...

TABLE IV-TOXICITY OF VARIOUS ISOMERS OF

BENZENE HEXACHLORIDE TO LARVAE OF ANO-

PHELES QUADRIMACULATUS

Mortality in
Isomer Dosage 24 Hours 48 Hours

P.p.m. Percent Percent

Alpha ... 2.5 88 92
Beta ... 100 22 40
Gamma ... .01 80 100
Delta ... 2.5 40 62
DDT ... .01 98 100

.005 53 85

Cl

I'Cl

H2

H
'CI

Cl H Cl
Formula m

The adduct IV, dissolved in a suitable
solvent, such as carbon tetrachloride, is
treated with chlorine gas with the resultant
addition of 2 atoms of chlorine to the dou-
ble bond (A) to form chlordane (III).14
Technical chlordane contains 60-75 per cent
of chlordane, the remainder being closely re-
lated compounds that occur in the normal
process of manufacture and which are toxic
to insects. Chlordane has been found to be
toxic to a wide range of agricultural and

Cl

'2

Formula 1
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household insect pests.15 It is especially ef-
fective against grasshoppers and cockroach-
es and it has considerable residual effective-
ness.

vestigator to a product obtained by allow-
ing triethyl orthophosphate to react with
phosphorus oxychloride as shown in For-
mula VI.

TOXAPHENE (CHLORINATED CAMPHENE)

Another chlorinated hydrocarbon with
outstanding insecticidal properties is found
among the terpene derivatives. The product
was originally designated a chlorinated bi-
cyclic terpene.16 Subsequently the coined
name chlorinated camphene was developed
for it. More recently this has been changed
to toxaphene by which the technical product
is now known. By the chlorination of cam-
phene, which is obtained by the isomeriza-
tion of pinene from pine wood extract, to a

chlorine content of 67-69 per cent a product
is obtained which has the approximate em-

pirical formula C1,oH1C1. The probable
method of formation is given in Formula
V although the exact structure is not
known.

CH

H

H2

cr- pinene carm

Chlorinated Camphene -I

C10 Cl-67-69%VCI

Formula Y

CH2
21

;H3
,H3

nphene

Cl2

3(C2H5),PO4 + POCI -* (C2H,)OP4On
+ 3C2H5Cl

Formula VI

Essentially the same reaction product is ob-
tained from triethyl orthophosphate and
phosphorus pentoxide as indicated in For-
mula VII.

2(C2H5) 3PO4 + P205 -+ (C2H5)0P4013

Formula VII

Chemical examination of hexaethyl tetra-
phosphate has shown it to be a mixture con-

taining as its principal active ingredient the
compound tetraethyl pyrophosphate. Other
constituents are ethyl metaphosphate and
triethyl orthophosphate, both of which are

relatively insecticidally inactive materials.
Pentaethyl triphosphate, an unstable ester
possessing insecticidal properties, may also
be present but this has not been established
with certainty.
As produced by either of the reactions

above tetraethyl pyrophosphate is present
to the extent of about 15-20 per cent. Modi-
fication of either process by increasing the
proportion of the triethyl orthophosphate
results in a product of empirical formula
(C2H.)4P207 which is an even more potent
insecticide than hexaethyl tetraphosphate.
The reaction is shown in Formula VIII.

Toxaphene has been found toxic to a con-

siderable number of agricultural insect
pests, especially grasshoppers and insects
attacking cattle.

ORGANIC PHOSPHORUS COMPOUNDS

Three organic phosphorus-containing com-

pounds, hexaethyl tetraphosphate, tetra-
ethyl pyrophosphate, and parathion have re-

ceived considerable attention for the control
of injurious insects. Hexaethyl tetraphos-
phate is the name given by a German in-

5(C2H5)SP04 +POC1 -* 3(C2H5)4P207
3C2H5C1

4(C2H5)3PO4 + P205 + 3(C,H,)4P201

Formula VIII

The reaction products are not pure tetra-
ethyl pyrophosphate but are mixtures of
ethyl phosphates and polyphosphates con-
taining approximately 40 per cent of this
principal active ingredient.
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German chemists had reported that in
water solution or in the presence of atmos-
pheric moisture hexaetlhyl tetraplhosplhate
was completely hydrolyze(d in 24 hours to
ethyl alcohol and orthophosphoric acid. Hall
an(l Jacobson"' in a study of the hydrolysis
of hexaethyl tetraphosphate, however, found
that althouglh rapid hydrolysis to non-insec-
ticidal products occurs, the end-products
are monoethyl and diethyl orthophosphoric
aci(l. Plure tetraethyl pyrophosphate hydro-
lyzes to diethyl orthoplhosphoric acid. This
rapid hydrolysis to non-toxic products
greatly limits the duration of the insecti-
cidcal effectiveness of tetraethyl pyrophos-
phate but it also eliminates the danger of
toxic residuies on the crops treated.

B3oth hexaethyl tetraphosphate and tetra-
ethyl pyrop)liosphate are especially useful
against mites an(l such soft-bo(died insect
pests as aphids, mealy bugs, and thrips.
Botlh comlpounds have been shown to in-
hibit the action of cholinesterasell and

acetyl esterase."9
Anotlher phosphorus-containing organic

insecticide is O,O-diethyl O-p-nitro-phenyl
thiophosplhate Formula IX to whiclh the
coined name parathion has been assigned.

OC H
1 2 5

S O p -~ °'N -NO

1 ~~~~~2

OC H
2 5

Formula IX

This insecticide also was discoveredl in Ger-
nmany during Worldi WTar II wlhere it vas

designated E-605.20 21

According to Tlhurston" the product is
obtained by the following sequence of reac-

tions: "P'hosplhorus trichlori(le is combinedl
with sulfur by heating at 1300C. for two
hours in a lead-lined autoclave. A quantita-
tive yield of plhosphorus thiotrichloride is
obtained. The soluble sulfur compounds are

remouoved by distilling the product from a

lead-lined kettle. The resulting product
boils at 125°/760 mm. pressure. This ma-

terial is then combined with sodiuru ethox-

i(le cont-ained as a 10 per cent solution in
alcohol. The formed (liethoxythio-phosphor-
ous chloride is poured into water and de-
canted. This interlne(iiate product is stable
in water and alcohol and only slowly de-
composes when heated with them at temper-
atures of 80-90'C. Sodium p-nitrophenate in
chlorobenzene is then coml)ined with the
diethoxv-thiophosphorous chloride by heat
ing at 1300C. The finishe(d pro(duct is not
distilled, only the chlorobenzene, which is
used as the reaction mlediumiii, is removed.
The yield of the cru(de product is 80-90 per
cent, since the formlation of phosplhorouis
thiotricliloride is quantitative (sic) and the
relaain(ler of the reactions are very good."

Paratlhion is an oily liquid( with a clis-
agreeable garlicky odor. It hlas a low vapor
pressure of 0.0006 mn. of maercurv at 24'
and can be distilled only un(ler greatly re-
(lilced pressure. It is not hy(drolyzed appre-
ciably in neutral mater but is hyd(rolyzedl in
alkaline waters. It has proved highly toxic
to all of a wide range of insects against
whichi it has been teste(i. Since it is rela-
tively stable, its effectiveness persists for a
considerable time, reportedly froml aI few
days to several weeks.

13otlh tetraethyl pyroplhosphate an(l para-

thion are higlhly toxic to warm-bloo(led ani-
rials.2 Tlhey are absorbed throughl the skin
and extreme care mulst be taken in using
them. Moreover, in the case of parathion
because of its greater stability there is the
possibility of toxic residues from its appli-
cation.

SUM1MARY

Althouiglh much progress has been mcfade
in the development of new materials for
combating insect pests many problemiis must
he solved before their utility as practical
control imeasuires is determnined. It is neces-
sary to know against wlhat kinds of insects
the pro(duict is effective, the stage at which
the insect is nmost susceptible-egg, larva, or
a(lult and the compatibility of the material
with solvents, carriers, fungicides, or other
insecticides. It must also be determined
whether the material can be applied best as
a dust, a spray or an aerosol and whether
it causes plant injury when applied either
to the foliage or to the soil. Its effect on
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beneficial insects, suclh as bees and various
parasites and predators, and its toxicity to
warm-blooded animals, especially man, mnust
also be ascertained. 'T'lhese and many other
factors need to be established before a new
product finds full use in the fieldl of eco-

nomic entomology.
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